Abstract: 4-Acetoxynaphthalene-2-carboxylate esters and their corresponding benzofuran and benzothiophene esters are important synthetic intermediates for the preparation of analogs of CC-1065 and the duocarmycins. In this communication, an efficient method for the synthesis of the titled compounds using an Emmons-Horner reaction strategy is reported. As an alternative to the Stobbe condensation reaction, coupling of ierf-butyl 3-ethoxycarbonyl-3-(phosphonodiethyl)propionate with a series of aromatic aldehydes, followed by acid promoted removal of the ierr-butyl group and Friedel-Crafts reaction, produced the target compounds in good overall yields and of excellent quality.
Introduction
Based on their interesting biological properties and unique structural features, CC-1065' and the duocarmycins, such as duocarmycin SA, 2 (see Figure 1 ) have been the subject of intense investigations in recent years. 34 A substantial portion of the studies were focused on the design, synthesis and testing of a wide range of analogs, with the goal of creating compounds with equal anticancer potency as the natural products, but lacking systemic toxicity. 3 ' From the extensive structure-activity relationship (SAR) studies, a number of CPI analogs were discovered to have favorable preclinical biological properties and were subjected to clinical trials. yield. But, a similar reaction by the Emmons-Horner route gave ester 5 in an overall yield of 65%.
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In this communication, we report studies on the synthesis of seven aromatic esters using the Emmons-Horner reaction approach. In addition to the preparation of naphthalene derivatives, two
Heterocyclic Communications novel heterocylic esters, benzofuran and benzothiophene esters, were also synthesized, thereby demonstrating the versatility of this methodology.
Results and Discussion
A general synthetic strategy for preparing the substituted naphthalene esters (5 -9) and the heterocyclic (benzofuran and benzothiophene) esters (10 and 11, respectively) is given in Scheme 1.
In a typical reaction, the phosphonate ylide of ferf-butyl 3-ethoxycarbonyl-3-(phosphonodiethyl)propionate was prepared by treatment of the phosphonate with sodium hydride at 0 °C, under an atmosphere of nitrogen. The respective aromatic aldehyde was then added dropwise into the solution of ylide.
Stobbe condensation approach After the mixture was allowed to gradually warm to room temperature overnight, alkene 12 was isolated in essentially quantitative yield. Analysis by 500 MHz Ή-NMR indicated that the alkenes were homogeneous and were essentially one stereoisomer. The feri-butyl group in alkene 12 was readily removed by treatment with aqueous trifluoroacetic acid at room temperature. Loss of the ferf-butyl group was confirmed by Ή-NMR analysis, which indicated the elimination of a singlet at about 1.4 ppm. Acid 13 was used directly in the Friedel-Crafts reaction without purification. The
Friedel-Crafts and subsequent O-acetylation reactions were accomplished by heating to reflux a Vol. 9, No. 6, 2003 An efficient methodfor the synthesis of substituted 4-acetoxynaphthalene-2-carboxylate esters, ethyl 4-acetoxylbenzofuran-6-carboxylate solution of acid 13 and potassium acetate in acetic anhydride for 1.5 hours. The target esters (5 -11) were isolated and purified by silica gel column chromatography. The structures of these compounds were ascertained by 'H-NMR, FT-IR and mass spectrometry, and in the case of ester 5, 13 and 10, 9 the data were compared to reported values.
The overall percent yields for the three-step synthesis, Emmons-Horner -Freidel-Craftsacetylation, of the seven target esters are given in Table 1 . For comparison, the overall percent yields foresters 5 and 10, synthesized previously using the Stobbe condensation, are also listed in Table 1 .
The results provide supporting evidence that the Emmons-Horner approach is significantly more efficient than the Stobbe approach for the synthesis of esters 5-11. 
Experimental
A representative synthesis of ester 7 is described.
Alkene 12 (R = H). NaH (207 mg, 60%, 5.18 mmol) was suspended in dry THF (15 ml) and stirred under N 2 at -5°C for 20 minutes. A solution of rerf-butyl 3-ethoxycarbonyl-3-(phosphonodiethyl)propionate (1.65 g, 4.87 mmol) in dry THF (5 mL) was added dropwise to the NaH suspension. The reaction mixture was stirred under N 2 at 0 °C for 2.5 hours, followed by a dropwise addition of benzaldehyde (500 mg, 1.72 mmol) in dry THF (10 mL). The reaction mixture was allowed to warm to room temperature while stirring under N 2 over 12 hours. The mixture was concentrated under vacuum to give a brown oil, which was separated between water and methylene chloride. The organic layer was collected, dried over sodium sulfate, filtered, and concentrated under reduced pressure to give alkene 12 (R = H) (1.11 g, 81 %) as a light yellow oil. IR (neat) 3020, 2970,1734, 1366,1263,1200, 1156,1096; 'H-NMR (CDC1 3 ,500 MHz) 7.85 (s, 1H), 7.37 (m, 5H), 4.29 (q, 6.0, 2H), 3.46 (s, 2H), 1.47 (s, 9H), 1.34 (t, 6.0, 3H).
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Acid 13 (R = H). A solution of alkene 12 (R = H) (1.10 g, 3.79 mmol) in TFA/water (5.5 mL, 9:1) was allowed to stir for 1.5 hours at room temperature. TFA was removed under reduced pressure to give a dark brown oil. The oil was co-evaporated with methylene chloride (2 χ 25 mL) to remove any excess H^O and TFA. The acidic product was cooled to 0 °C and treated with a saturated NaHCOj solution. The mixture was filtered, and to the filtrate was added 30% HCl to give a pH of 1. Ethyl acetate (50 mL) was added and the mixture was allowed to stir for 10 minutes. The organic layer was collected, dried over sodium sulfate, filtered, and evaporated to dryness. The resulting yellow oil was dried under high vacuum to give acid 13 (R = H) (816 mg, 92% Ester 7. Acid 12 (R = H) (800 mg, 3.42 mmol) was dissolved in Ac 2 0 (10 mL) and kept under an atmosphere of N r KOAc (520 mg, 5.30 mmol) was added to the mixture, and the reaction was stirred and refluxed for 1.5 hours. The hot reaction mixture was poured into H 2 0 (30 mL) and stirred vigorously while it was allowed to cool to room temperature, some solid formed. Ethyl acetate was added to the mixture to partition the product. The organic layer was collected, dried over sodium sulfate, filtered, and concentrated under reduced pressure to give a brown oil. The oil was purified by column chromatography with 3% ethyl acetate in petroleum ether solvent to afford ester 7 (706 mg, 80% 
